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Abstract 
Melanoidins are defined as polymeric high molecular weight, brown-coloured Maillard reaction end-
products, containing nitrogen. They escape digestion and pass through the upper gastrointestinal tract 
and can interact with the different microbial species present in the colon. Major dietary sources of 
melanoidins are coffee and bread crust. Both coffee and bread crust melanoidins can be fermented by 
the human hindgut microflora thus sharing some of the properties attributed to dietary fibre. Despite 
the emerging positive physiological properties of such dietary constituents their intake has not been 
estimated yet. To this aim melanoidin content in different type of coffee brews, bread and dry biscuits 
was determined by sequential ultrafiltration and enzymatic digestion. Despite some drawbacks and 
limiting steps in the calculation, such as the lack of a reference material, an educated guess on the 
dietary intake of melanoidins has been put forward. Data indicated that the intake of coffee melanoidins 
ranged between 0.5 to 2.0 g per day for moderate and heavy consumers, respectively. For bread and dry 
biscuits an intake in the ranges of 1.8–15.0 and 3.2–8.5 g per day has been calculated. These figures 
suggest that a realistic estimation of melanoidins dietary intake for general population would be close to 
10 g per day considering all the possible alimentary sources. 
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Introduction 
Melanoidins are widely distributed in thermally processed food and they are defined as polymeric high 
molecular weight, brown coloured Maillard reaction (MR) end-products, containing nitrogen.1,2 Their 
chemical structure is complex and still remains largely unknown.3–6 However, four main proposals of 
the structure have been put forward: (i) low-molecular weight coloured substances crosslinked to free 
amino groups of lysine or arginine in proteins,7 (ii) units of furan and/or pyrroles that, through 
polycondensation reactions, form melanoidin repeating units,8 (iii) skeleton mainly built up from sugar 
degradation products formed in the early stages of the MR, polymerized and linked by amino 
compounds,5 (iv) skeleton mainly built up form proteins crosslinked by MR products (i.e. the 
melanoproteins).9 
The absence of a known molecular structure and the strict dependence of its concentration on 
processing conditions in the final products have hampered an estimation of the dietary intake of 
melanoidins thus far. However, mounting evidence suggests that melanoidins are not an inert material 
and they can exert some physiological action. 
The main sources of dietary melanoidins are definitely coffee and bakery products; however other 
processed foods such as cocoa,9 malt,10 roasted barley,11 black beer,12 roasted potatoes,13 roasted 
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pulses and seeds,14 meat15 soy sauces,16 balsamic vinegar,17 sweet wine,18 processed tomatoes,19 
also contain melanoidins. Besides being the main dietary source, coffee and bread melanoidins are also 
representative of the two main typologies of melanoidins. The principal constituent of coffee 
melanoidins is polysaccharides. However, in bread the main structure is a proteinaceous material and 
these melanoidins are referred to as melanoproteins as well.9,20 
During the roasting of coffee green beans chemical and structural changes taken place where 
polysaccharides, galactomannan-like and arabinogalactan-like carbohydrates,6,21,22 proteins,23,24 and 
phenolic compounds, mainly hydroxycinnamates, 2,25–29 contribute to the formation of coffee 
melanoidins. 30 Recently, it was also demonstrated that phenolic compounds can also be non-covalently 
linked to coffee melanoidins and melanoidins could acts as carriers of low molecular weight 
substances.31 
In bakery products melanoidins are formed by gluten proteins cross-linked by coloured Maillard 
Reaction Products (MRPs),32 while other small molecular weight coloured MR products are entrapped 
in the gluten network.20 Melanoidins are present only in the crusts and can be considerably enhanced 
by the use of a browning agent that can be added on the surface of the dough. Bread melanoidins 
concentration depends on the intensity of the thermal input: the higher the treatment the higher the 
concentration. Bread melanoidins are mainly water insoluble therefore they can be efficiently extracted 
only after extensive enzymatic digestion.33 
Melanoidins, and coffee melanoidins in particular, have different functional properties apart from their 
contribution to colour and technological properties, being able to bind flavours,34 exerting antioxidant 
capacity to foods31 and suppressing oxidative stress in cells,35 metal-chelating properties,36 
antimicrobial activity,37 suppressing Helicobacter pylori adhesion, 38 modulating chemopreventive 
enzymes,39 among others. 
In the last ten years many studies suggested that they can have a relevant role in the gastrointestinal 
tract since melanoidins are fermented in the colon, and act as dietary fibre, modulating their bacterial 
population.33,40–42 Recently, Alexander43 in the base on previous knowledge stated that melanoidins 
should be considered as antioxidant dietary fibre 44,45 which play a role in the prevention of 
cardiovascular disease and control of colorectal cancer.46 This statement is strengthened by the 
observation that a coffee melanoidin–rich ingredient, the coffee silverskin, is able to promote 
Bifidobacteria growth,47 and by the fact that the degradability of the carbohydrate part of the coffee 
brew melanoidins by human faecal microbiota was demonstrated.48 On the other hand it should be 
considered that most of the melanoidins are recovered in the faeces39 and that faecal antioxidant 
activity showed a direct correlation with coffee intake.49 
Despite the emerging physiological role highlighted for food melanoidins, their dietary intake has never 
been calculated. This consideration prompted us to provide an educated guess on the dietary intake of 
melanoidins from two major sources, coffee and bakery products. Data on the amount of melanoidins in 
processed foods represent an essential pre-requisite to put in the appropriate context their possible 
role as dietary fibre. The estimation of melanoidin dietary intake will be of interest to assess the 
relationship between consumption patterns and epidemiological studies due to the relevance of 
melanoidins for gastrointestinal health. 
Methods 
Isolation of coffee melanoidins 
Roasted coffee beans (Coffea arabica) samples were obtained from local stores. Roasted coffee beans 
were ground on a 0.43 mm mesh. Italian (moka coffee pot), filter (drop electric coffeemaker) and 
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espresso (food service industry coffee maker) procedures were applied for coffee brew preparation as 
described by Sanchez-Gonzalez et al.50 Isolation of coffee melanoidins was as described by Borrelli et 
al.28 and Delgado-Andrade and Morales.31 Briefly, the coffee brew (7 g coffee per 100 mL water) was 
filtered (Whatman Filter Paper number 40, ashless, Whatman, U.K.) and defatted with dichloromethane 
(2 x 200 mL). The coffee brew was then subjected to ultrafiltration using an Amicon ultrafiltration cell 
model 8400 (Amicon, Beverly, MA), equipped with a 10 kDa nominal molecular mass cut-off membrane. 
The retentate was filled up to 200 mL with water and washed again. This washing procedure was 
repeated at least 3 times. The high-molecular-weight (HMW) fraction was freeze-dried and stored in a 
desiccator at 4 ºC until analysis. The melanoidins content (g per 100 g coffee) was determined by the 
weight of the freeze-dried product after ultrafiltration. 
Isolation of biscuits melanoidins by sequential ultrafiltration Biscuit melanoidins were prepared in a 
similar way than coffee ones, although a sample solubilization was carried out as described by Borrelli 
and Fogliano33 with some modifications as described by Martín et al.51 Briefly, homogenized biscuit 
samples (500 mg) were diluted in 25 mL of a Pronase E solution containing 0.375 mg of Pronase E (7.5 
units mg1, Sigma- Aldrich) in 0.1 M sodium-borate at pH 8.2 buffer, vigorously stirred, and incubated 
at 37 ºC for 40 h under shaking. The reaction was stopped by cooling in an ice-water bath followed by 
addition of 100 mL of trichloroacetic acid solution (40%, w/v) and centrifugation at 4500 g for 10 min at 
4 C. At the end of each enzymatic digestion, samples were dialysed using a membrane with a nominal 
molecular weight ‘‘cut-off’’ of 3000 Da. The melanoidins content (g per 100 g biscuit) was determined by 
the weight of the freeze-dried product after ultrafiltration. 
Isolation of melanoidins from bread crust. 
Bread crust was obtained from commercial sliced bread and baguettes. Sourdough loaves were pieces of 
1 kg obtained by sour dough fermentation and cooked at 220 C for 90 min. The bread crust was 
separated from the crumb with a kitchen knife than it was freeze-dried and ground in a mill. Samples 
were enzymatically digested by adding 3 ml of 20 mM Tris-HCl buffer (pH ¼ 8), containing 0.1 mg 
mL1 of Pronase E (7.5 U mg1, Sigma- Aldrich), to 250 mg of the samples, and after a vigorous 
mixing the samples were incubated at 37 ºC for different periods (up to 7 days). The reaction was 
stopped by cooling in an ice-water bath followed by addition on 100 mL of trichloroacetic acid solution 
(40%, w/v) and centrifugation at 4500 g for 10 min at 4 C. At the end of each enzymatic digestion, 
samples were dialysed using a membrane with a nominal molecular weight ‘‘cut-off’’ of 3000 Da. The 
melanoidins content (g/100 g bread) was determined by the weight of the freeze-dried product after 
ultrafiltration. 
Consumption databases.  
Dietary intake of melanoidins from coffee and bread were taken from different food consumption 
databases. Data from coffee consumption were taken from an exposure study carried out from the 
latest worldwide coffee consumption in 2007 as provided by the Spanish Federation of Coffee;52 those 
for bread and dry biscuits were taken from the database of Italian consumption (INRAN). An average 
body weight (bw) of 70 kg was used to estimate the total daily intake of melanoidins to total population 
and expressed as mg kg(bw)1 day1. 
 
Results and discussion 
Estimation of dietary intake of coffee melanoidins 
Coffee is one of the most popular beverages around the world as about 400 000 million cups of coffee 
are consumed every year. The amount of melanoidin in the cup varies with the coffee roasting and 
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coffee brew preparation. To date, there is no evidence about the contribution of the coffee variety 
(arabica or robusta) on the occurrence of melanoidin regardless the roasting process applied. It is 
known that the darker the roasting degree, the higher the amount of melanoidins and their complexity 
will vary with the degree of roast.28 Type of extraction, strength of the brew (the higher the ratio 
powder/water the higher themelanoidins amount), pressure and serving size (extracting the same 
amount of powder with more water increases the amount of melanoidins) influence the final melanoidin 
intake from a cup of coffee. 
To ascertain the effect of the extraction type, the overall extraction yield achievable with four coffee 
brew preparations is listed in Table 1. These values have been obtained using always the same amount of 
coffee powder, while in the daily consumption an important role is played by the powder/water ratio 
used for the extraction. Obviously, for soluble coffee the yield is near the 100% and in this case the only 
variable to take into consideration is the amount of coffee powder per serving. 
The bottleneck of melanoidins quantitation is the lack of a validated and well-established procedure to 
calculate its content. In addition, a standard reference material for such a purpose or even common 
procedures for isolation of melanoidins are not available which make the goal very challenging. In this 
respect, a step forward was done by COST Action 91953 that proposed a reference melanoidin derived 
from a glucose-glycine model system to unify further investigation on the structural and functional 
characteristics of food melanoidins. Unfortunately, the composition of coffee beans is far more complex 
than a single model system of sugar and amino acid, so only references specifically dealing with the 
isolation of coffee melanoidins have been used in this estimation. Three main approaches for isolation of 
coffee melanoidins from the coffee brew are described in the literature. The most extended one is 
based in the high molecular weight of these polymeric structures by applying dialysis tubing, 
ultrafiltration with 10 kDa cut-off membranes (tangential flow, static-cells, centrifugation devices), and 
column gel-permeation for molecular exclusion separation of melanoidins and subsequent gravimetric 
estimation.2 Two more rapid procedures based on the colour potency of MRPs,7 or by measuring the 
absorption at wavelengths or extinctions coefficients higher than 400 nm54 have been also proposed. 
There are some discrepancies among authors on the yield reached for each isolation procedure since, as 
suggested by Hofmann,55 low molecular coffee compounds might react during dialysis yielding higher 
molecular weight structures and increasing the final melanoidin content. This fact has recently been 
demonstrated by Bekedam et al.2 On the other hand, the application of gel permeation chromatography 
(e.g. Shephadex G-25) could underestimate the levels of melanoidin due to dead volume and the low 
amount of sample analysed which it is inherent to the technique. 
Table 2 summarized the information of coffee melanoidins published thus far. When available, only 
values from medium roasted coffee beans were used to avoid the dependence of melanoidins levels with 
the degree of roasting. Since filtered coffee has been the major source for the preparation of coffee 
melanoidins in scientific literature, further calculations will be related to this coffee brew preparation. All 
in all, a mean melanoidins content of 7.2 g per 100 g of roasted coffee was obtained with a standard 
deviation of 2.97 g per 100 g (min ¼ 36, max ¼ 115). 
Combining these data with those of Table 1, determined that the amount of melanoidins in the brew is 
much higher in espresso coffee as it is more concentrated. As far as the soluble coffee is concerned, the 
higher amount of melanoidins depends on the peculiar process which is able to solubilise 
polysaccharides which usually remained unsolubilised. 
Melanoidins content per serving cup of coffee is summarised in Table 3. The data take into account the 
average melanoidin content in medium roasted coffee (7.2 g per 100g), the usual serving size for each 
coffee preparation and the proportion of coffee : - water used for the extraction. These data are further 
used to calculate the dietary intake of melanoidins taking into account the data of consumption for 
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different countries. These data are not always available, clear and in some cases they are simply based 
on the data of roasted coffee sold in the country, but are useful as an approximation. In addition, the 
variability among coffee drinkers should be considered as well and will be another source of variation. 
Low, moderate and heavy coffee drinkers were classified as the consumers of 2, 4, and 6 coffee cups per 
day, respectively.56 From this data it can be derived that the intake of coffee melanoidins is in the order 
of magnitude of 1 g of coffee melanoidins per day reaching a peak of 2 g per day for the heavy drinkers. 
Obviously, dietary intake of coffee melanoidins is related to the habit of consumption both modality of 
brew preparation and the number of cups per day. Fig. 1 depicted the estimated dietary intake of 
melanoidins in basis of the 2007 worldwide databases of coffee consumption. Estimation of coffee 
melanoidins intake was calculated by combining the mean level of consumption in each country with a 
weighed estimation of coffee melanoidins content in filtered coffee. Data of melanoidins were 
extrapolated to a coffee brew preparation by filtering since it is not possible to ascertain the type of 
coffee brew preparation chosen by citizens in any database. Results showed a range of melanoidin intake 
between 200 mg to 2600 mg per capita per day which is in good agreement with the values calculated 
taking into account the daily cup consumption. It is worth noting that Scandinavian countries reached 
levels higher than 2 grams of coffee melanoidins per capita per day, although the higher intake was 
estimated for Luxemburg. Taking into consideration the population, values estimated for the European 
Union (984mg coffee melanoidins per capita per day, 14.1 mg coffee melanoidins per kg(bw) per day) 
and United States of America (807 mg coffee melanoidins per capita per day, 11.5 mg coffee melanoidins 
per kg(bw) per day), it can be concluded that the estimated worldwide intake of coffee melanoidins is 
about 900 mg per capita per day. But those levels could be much higher for heavy coffee drinkers and 
for soluble coffee drinkers. Heavy coffee drinkers can easily reach more than 5 g per day of coffee 
melanoidins intake. 
In summary, data from the worldwide coffee consumption57 are depicted in Table 4. Interestingly, 
similar results can be obtained considering the data of green coffee consumption in each country. For 
the higher coffee consumption an intake of about 2.0 g per day can be calculated considering 80% of 
consumers among adults and calculating a 17% water loss during roasting and an average presence of 7.2 
mg of melanoidins per 100 g of coffee. 
Estimation of dietary intake of bread crust melanoidins 
All bakery products contain a relevant part of melanoidins as can be appreciated by simply considering 
the amount of brown material present on the surface. In this paper bread and biscuits, representing a 
significant fraction of the intake of all bakery products, have been considered to perform an estimation 
of melanoidins intake. In bread, melanoidins are mostly present in the crust; while in dry biscuits they 
are homogeneously distributed in the products. 
In comparison with coffee, the calculation of dietary melanoidins in bread is complicated by the poor 
water extractability of bread and biscuit melanoidins. In this work, it was decided to consider the soluble 
high molecular weight fraction remaining after in vitro starch and protein hydrolysis by a cocktail of 
enzymes resembling those acting in the human gastro intestinal tract. Different approaches have been 
proposed in the literature based on the use of various proteases and digestion protocols.58 Enzymatic 
digestion of the bread crust allows about 50% of the crust to solubilise and a significant part of this 
material is constituted by high molecular weight material (i.e. retained in a dialysis tube, not passing 
through membranes at different cut-offs by centrifugation or eluted in the first peak using gel filtration 
columns). 
In Table 5 the amount of melanoidins recovered in different kinds of bread and biscuits using the 
enzymatic digestion protocol followed by the dialysis procedure as described in the method session are 
reported. In this work only common wheat, which is the most common grain used for the manufacture 
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of bread was considered, no data are available about the role of type of cereal flour (wheat, rye, oat, 
barley, rice) to the formation of the crust or even of the melanoidins content. The percentage weight of 
the crust in the considered bread samples ranged from 35% for a baguette to 8% for the sliced bread. 
This interval can be representative of most of the commercial bread typologies present in the Western 
markets. Data reported in Table 5 showed that the amount of melanoidins in the bread crusts ranges 
between 30 to 14 g per 100 g of crust for sourdough loaves and baguette bread, respectively. These 
data are in agreement with previous observation on bread33,58 and in line with values reported for 
other similar bakery products.51,59 The amount of melanoidins found in dry biscuits was 12 g per 100 g 
of whole product and this is also in agreement with the previous observation from Martin et al.51 An 
amount of about 4.5 g can be obtained summing the fractions at high molecular weight obtained by gel 
filtration by these authors; this value is lower than the 12 g found in this work, however it is expected 
that dialysis provide a higher amount of melanoidins than gel filtration. Concentration of melanoidins in 
the same order of magnitude was also found in different bakery products, such as Spanish muffins59 
where about 14 g of melanoidins per 100 g of whole product was reported. 
To provide the estimation of melanoidin dietary intake, data for bread and biscuit consumption should 
be taken into account and they are also very heterogeneous among countries. Considering the data 
calculated on the basis of the wheat flour market, the consumption of bread in Western countries is in 
the range of 41–303 kg per year per capita,60 that means 112–830 g day per capita. However, starting 
from the flour market is not a reliable approach as it can be used for many purposes and the waste of 
bread (manufactured but not consumed) is very high; on the other hand a precise estimation can be 
obtained by a food consumption survey using individual questionnaires about dietary habits. A very 
recent one was published by the National Institute of Nutrition – INRAN61 and it reported that the 
average bread consumption among Italian bread consumers is 112 g per day while the 95th percentile has 
a daily intake of 250 g. The same survey found for biscuits an average intake of 27 g and 71 g for 95th 
percentile. This data are in agreement with those reported in Spain.62 Average bread intake was of 112 
g per day while sweet cookie consumption was 21.2 g per day. Similar data also come from the Swiss 
Federal Office for Agriculture showed in the years 1998 to 2007 a constant intake of 130 g of bread and 
18 g of biscuits per day (www.blw.admin.ch/index.html?lang¼en). Therefore for further calculation these 
data were used as it can be considered representative of general consumption at least in Western 
countries. 
Combining the consumption data with the content of melanoidins in bread and biscuits reported in 
Table 5 the dietary intake of melanoidins from bread and biscuits have been calculated and the results 
are shown in Table 6. The calculation was made with the approximation that consumers always eat the 
same type of bread. So a subject consuming an average amount of sliced bread (i.e. 112 g per day) will 
have an intake of 1.6 g of melanoidins, while a subjects consuming 250 g of sourdough loaves (95th 
percentile) have a daily intake of 15 g of melanoidins. 
All in all, it can be concluded that, considering a mixed consumption of different types of bread and 
biscuits, a reasonable estimation of the intake of melanoidins is around 6–7 g per day for average 
consumers and 12–15 g per day for the 95th percentile. The educated guess performed in this paper 
demonstrated that it is possible to make a reliable estimation of the dietary intake of melanoidins from 
coffee and bread, which is of 1.5 and 6 g, respectively for average consumers and can be roughly double 
for high consumers of these foods. 
It is known that melanoidins escape digestion and pass through the upper gastrointestinal tract and then 
can interact with the different microbial species present in the hindgut.63 Specific evidence showing that 
both coffee and bread crust melanoidins can be metabolized/fermented by the human hindgut microflora 
selectively enhancing the growth of desirable bacteria in the gut has been demonstrated (all references 
above). Moreover, melanoidins have been demonstrated to develop antimicrobial activity37 which could 
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complement the prebiotic effect if this inhibition of the bacterial growth could be exerted over 
pathogenic bacteria. 
Melanoidins share some of the properties attributed to dietary fibre. Similarly to dietary fibre they can 
differ in water holding capacity, viscous properties, solubility, antioxidant capacity and fermentability. All 
these aspects are worth investigating also for melanoidins considering their relevant daily dietary intake, 
which is in the same order of magnitude of that reported for the dietary fibre. In particular coffee 
melanoidins, which are mainly constituted by polysaccharides quite similar to those constituting the 
classical soluble dietary fibre, could represent a significant part of the whole intake of soluble dietary 
fibre. An interesting parallel can be performed about the physiological functions of coffee melanoidins 
possessing a high antioxidant capacity due to the presence of chlorogenic acid fragments and cereal 
dietary fibre which is rich of phenolic compounds64 and increase the intake of antioxidants.65 
On the other hand, the enzyme-solubilised fraction of bread melanoidins is mainly made up of 
crosslinked protein and starch, a material quite different from dietary fibre. The evidence about the 
biological properties of this material are scarce and somehow contradictory; in any case the presence of 
a relevant moiety of proteins in the material reaching the lower gut is considered not beneficial.66,67 
Finally, it should be remarked that although melanoidins from coffee and bread represent the major part 
of melanoidins intake in Western diets, other sources of melanoidins mentioned in the introduction can 
give a relevant contribution. In some cases the alternative source can even be predominant for peculiar 
dietary regimen. Considering an estimated daily intake close to 10 g per day (from all the possible 
sources) and the several different biological actions described for melanoidins, it is time to gain more 
insights in the biological functions of these compounds. 
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Fig. 1 Estimation of the dietary intake of coffee melanoidins as distributed by countries. Black bars 
represent average values for European Union, United Estates of America and Japan for reference. 
 
 
